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57 ABSTRACT 

A Segmented flap having a variable curvature for an airplane 
wind. The flap includes Segments arranged to be angularly 
adjustable in relation to each other and in relation to the 
wing and at least an articulating mechanism having a first 
link arm and a Second link arm. The first link arm is arranged 
at an edge of the wing. The Second link arm is rotatably 
attached to the first link arm by a first shaft. The first link arm 
is provided with an elongated first channel that extends at the 
Side of and in a determined angle interSects an elongated 
Second channel arranged in the Second link arm. Aguide rail 
is arranged in a direction transversal to the two channels and 
located in an opening defined by the channels where they 
interSect each other. A plurality of rods connect the angular 
legs that define an angle formed by the two link arms and 
which are rotatably attached to each other and to the link 
arms and which have variable lengths, So that the rods 
together with each other form a polygon curve, Such that a 
displacement of the guide rail in the channels of the link 
arms determines the curvature of the polygon curve, 
whereby the curvature of the flap is determined as each rod 
being part of the curve is associated with a top air foil and 
a bottom air foil, respectively, forming the Surfaces of the 
flap Segments. 

4 Claims, 6 Drawing Sheets 
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SEGMENTED FLAP WITH WARIABLE 
CAMBER FOR AIRCRAFT WING 

TECHNICAL FIELD 

The invention relates to the field of segmented flaps 
having variable curvatures, intended for airplane wings and 
preferably intended to be used as leading-edge flaps. 

STATE OF THE ART 

There is a need for flaps having a variable curvature for 
civil and military aircraft. Airplane wings provided with 
Such flaps the shape of which can be changed are denoted 
MAWs, which is interpreted “Mission Adaptive Wings'. A 
multitude of designs has been proposed in order to provide 
such flaps, see for example the document SE-B-7703764-6 
A having the title “Anordning begransadav profilyta med v 
ariabel valvning” (“A device limited by a profile surface 
having a variable curvature'). In Said document a Somewhat 
complicated device is described comprising links which are 
adjusted in relation to each other by means of rods and 
wedge means which are movable in the Span direction. 
An object of the present invention is to provide a rela 

tively simple and light but still reliable design which allows 
a large freedom of adapting the curvature of the flap accord 
ing to various requirements. 

DESCRIPTION OF THE INVENTION 

According to an aspect of the invention a wing flap for 
variable curvature is divided in a number of Segments. These 
Segments are arranged to be angularly adjustable in relation 
to each other So that the Segments together form a curved or 
arched Surface forming the flap. The angular position of the 
Segments in relation to each other and in relation to the very 
wing Surface is accomplished by means of at least one 
articulating mechanism in a direction along a Substantially 
Vertical croSS Section of the wing. Said articulating mecha 
nism comprises link means, constituted both of link arms 
and of Sliding rods having variable lengths. 

Each Segment of the flap is connected to a sliding rod, the 
top and bottom shells of the Segment being rigidly attached 
to the top side and bottom Side respectively of Said sliding 
rod. Thus the top and bottom shells of the first sliding rod 
constitutes the first Segment in the wing flap etc. 

The articulating mechanism has at its inner portion, i.e. at 
a portion closest to the wing, a first link arm, a cantilever, 
which is attached to the wing and extends in the direction of 
the articulating mechanism outwards from the wing. 
A Second link arm is rotatably attached to the cantilever 

by a first shaft. Both the cantilever and the second link arm 
are each provided with a longitudinal channel, which in one 
embodiment is configured as an elongated hole. The two 
channels extend Side by Side and are located in a Small angle 
in relation to each other. Aguide rail is arranged through the 
channels and is located in an opening commonly formed by 
the two channels. When this guiding rail is moved forwards 
or backwards in the two channels in the longitudinal direc 
tion of the link device, the Second link arm is made to rotate 
about the first shaft through an angle which is proportional 
to the displacement of the guiding rail. 
A plurality of sliding rods are rotatably attached in a row 

to the bottom edge of the cantilever. Since at least two of 
Said sliding rods in their other ends are rotatably attached to 
the cantilever and Since all of the Sliding rods are rotatably 
attached and linked to each other, each sliding rod will rotate 
through a larger angle about its Stationary shaft on the 
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2 
cantilever the longer out of the cantilever it is attached, when 
the guiding rail is moved along Said channels. Thereby the 
Sliding rods will form a polygon curve which determines the 
curvature of the Segments of the flap, a curvature which is 
dependent on the position of the guiding rail. 
The curvature is allowed by the fact that the sliding rods 

adapt their lengths depending on the instantaneous angle 
between the cantilever and the Second link arm. The sliding 
rods are automatically Shortened when the wing flap is 
curved and are prolonged when the wing flap is made more 
Straight. 
The link arms and the sliding rods are in an articulating 

mechanism preferably duplicated in order to accomplish a 
more reliable construction as will be demonstrated accord 
ing to proposed embodiments hereinafter. 
An advantage associated with the Segmented flap con 

Structed according to the invention is that the curved line at 
the upper Side of the flap has a variable length. It is a 
characteristic which does not exist in Segmented flaps 
according to prior art, in which the top side of the flap is 
made to have a predetermined curved line which has a fixed 
length or if the curved line is changed the flap is equipped 
with flexible shells. 

A further advantage associated with a Segmented flap of 
the kind as described is that the guiding rail according to the 
device gives the flap an operation which to Some extent is 
Self-locking, Since forces acting on the two link arms cannot 
without Some resistance move the guiding rail in the chan 
nels of the two link arms. 
The Segmented flap is advantageously used as a leading 

edge flap on a wing but can also, however, exist as a 
trailing-edge flap. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a cross sectional view of a wing flap 
according to an embodiment of the invention in a non 
curved State. 

FIG. 2 shows the same flap as in FIG. 1 but in a curved 
State. 

FIG. 3 shows in a perspective view the articulating 
mechanism of a Segmented flap where the top and bottom 
shells are removed. 

FIG. 4 shows the articulating mechanism according to 
FIG. 3 but as seen from another point of view. 

FIGS. 5a-5c show in Schematic views, for the sake of 
clarity, the articulating mechanism with a simplified design 
of the links, in which FIG. 5a only shows a position of the 
first and Second link arms together with an associated 
guiding rail in two elongated guide channels, FIG. 5b further 
the position of two of the Sliding rods shown in a State in 
which the flap is folded down whereas FIG. 5c shows the 
principle of the articulating mechanism having four sliding 
rods forming a polygon curve. 

FIGS. 6a-6d illustrate an embodiment of the invention in 
which the bottom air foils of the segments are shown 
integrated with their sliding rods associated with the respec 
tive Segment in an articulating mechanism. 

FIG. 7 shows in a view from the underside of the 
articulating mechanism the configuration of the link arms 
together with their holes for the rotatable attachments. 

EMBODIMENTS 

The Segmented flap is described hereinafter as a number 
of embodiments with reference to the accompanying draw 
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ings. In the embodiment a flap having four Segments is 
shown as an example. There is no obstacle to arranging more 
or leSS Segments in the flap. 

FIGS. 1 and 2 show a Segmented flap according to the 
invention in a completely folded-up and folded-down State 
respectively. The top Surfaces and the bottom Surfaces of the 
different segments 6-9 are shown by the outline of the 
Segments as well as by the location of an articulating 
mechanism in relation to the outlines of the respective 
Segments. 

The construction of the Segment and the movable parts of 
the flap are illustrated in FIGS. 3 and 4, in which, among the 
air foils of the segments 6-9, only the air foils at the bottom 
are visible. Articulating mechanisms, by means of which the 
Segments of the flap are operated, are arranged in a neces 
Sary number along the flap. Since it is difficult to read or 
deduce the function of the articulating mechanism of the flap 
from FIGS. 1-4, we will now turn to a description of the 
mutual relation and linking of the different elements with 
each other in conjunction with FIGS. 5a-5c, which illustrate 
a principle construction having the function of the articu 
lating mechanism. The articulating mechanism consists of a 
number of links which are rotatable in a plane, Substantially 
Vertically right through the Span of the wing. 

In FIG. 5a a first link arm 1 is shown, also called a 
cantilever, Since this cantilever is at its rear edge attached to 
an edge of a wing. The first link arm 1 is in its longitudinal 
direction provided with an elongated first channel 2, which 
in the example is shown as an elongated hole. In a plane 
parallel to the plane through the first link arm extends a 
second link arm 3, which is rotatably movable in the plane 
of the articulating mechanism and is rotatably attached to the 
cantilever 1 by means of a first shaft 14. The second link arm 
which has an extension located at Some angle in the bending 
direction of the flap is also provided with a channel, a Second 
channel 4, here shown as an elongated hole, having Sub 
Stantially the same dimensions as the first channel. Since the 
Second link arm is located at an angle in relation to the 
longitudinal direction of the cantilever, the Second channel 
4 extends at the Side of the first channel 2 but at an angle V 
in relation to the first channel 2. 

In an opening, which is commonly formed by the two 
channels 2, 4, where these channels interSect each other, is 
a guide rail 5 arranged perpendicularly to the rotation plane 
of the articulating mechanism. This guide rail 4 can be 
moved forwards or backwards in a direction which is 
defined by the first channel 2 of the cantilever and is 
illustrated by the arrow A in FIG. 5a. If said guide rail 5 is 
moved in the direction of the arrow A, the link arm 3 is 
thereby forced to adopt a more folded-up position, as 
indicated by the arrow B in FIG. 5a, thereby straightening 
the articulating mechanism. A movement forwards and 
backwards of the guide rail 5 thus results in a Straightening 
or a bending respectively of the cantilever 1 and the Second 
link arm 3 in relation to each other. 

Between the outermost portion of the link arm 3 and the 
cantilever 1 a number of Sliding rods 6a–9a are arranged. 
These sliding rods 6a–9a each consist according to the 
described example of two parts, a first rod part having at its 
one end a guide bore, in which a Second rod part runs and 
is guided. By this dividing of each sliding rod in two rod 
parts, the Sliding rods 6a–9a are given a variable length, 
which is necessary according to the construction, Since the 
Sliding rods must be capable of adapting their lengths since 
they connect the cantilever and the Second link arm. 
A first sliding rod 6a is with its first rod part rotatably 

attached to a second shaft 18 at the outermost portion of the 
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4 
rotatable second link arm 3. The second shaft 18 is parallel 
to the first shaft 14 of the articulating mechanism. The first 
Sliding rod extends outwards beyond the Outermost portion 
of the second link arm 3. Further, the first sliding rod 6a is 
with its second rod part rotatably attached by a third shaft 20 
to the outermost position of the cantilever 1 as Seen from the 
edge of the wing. In a similar way a Second sliding rod 7a 
is with its one end rotatably attached to the second shaft 18 
and with its second end rotatably attached by a fourth shaft 
23, which is located on the cantilever 1 at a place, located 
Some distance closer to the rear edge of the cantilever 1 than 
the rotatable attachment of the first sliding rod 6a, to the 
cantilever. In the corresponding way a third sliding rod 8a is 
with its one end rotatably attached by a fifth shaft 25, located 
at the Second Sliding rod 7a, and with its Second end 
rotatably attached by a sixth shaft 24 to the cantilever 1 
which sixth shaft is located further away towards the rear 
edge than the rotatable attachment of the Second Sliding rod 
to the cantilever 1. In a further corresponding way a fourth 
sliding rod 9a can be rotatably attached by means of a 
seventh shaft 26 to the third sliding rod 8a and rotatably 
attached with its second end to the cantilever further closer 
to the rear edge than the Second sliding rod 8a by means of 
an eighth shaft 27. More than four sliding rods can naturally 
be arranged in the corresponding way if desired. All Said 
shafts, by means of which the Sliding rods are attached, are 
parallel to the first shaft 14. Thereby, for a bending of the 
link arm 3 produced by moving the guide rail 5 to the right 
hand side in FIG. 5b, the sliding rods 6a–9a from the first to 
the last one thereof will adopt angular positions in relation 
to the cantilever 1 having Successively decreasing angles. 
Thereby the sliding rods 6a–9a form a polygon curve, 
according to FIG. 5c, which is the more curved the more the 
Second link arm 3 is bent in relation to the cantilever 1. 

The different segments 6-9 of the wing flap are connected 
to the Sliding rods 6a–9a, So that the respective Segments 
6-9 adopt Substantially the same angular positions in rela 
tion to the cantilever 1 as the described sliding rods 6a–9a. 
This is arranged by the fact that the Sliding rods are 
associated with top and bottom air foils or shells which 
define the outlines of the flap Segment. 

In a practical embodiment illustrated in FIGS. 6a-6d the 
bottom air foil of the respective flap Segment is integral with 
the first rod part of the respective sliding rod 6a–9a. FIGS. 
6a-6d also provide a picture how the links and the rotatable 
attachments of the different sliding rods can be arranged. 
An airplane wing having a Segmented flap of the kind 

described has a plurality of Segments, usually at least three. 
The top portions of the flap as well as its bottom portions are, 
as appears from the description, divided in portions associ 
ated with the respective segments. When the curvature of the 
flap is changed, it is required that the longitudinal directions 
of the airfoils, as taken right through the Span direction, can 
be changed in the corresponding way, which in the embodi 
ment is achieved by having the air foil of a Segment located 
in front cover a front marginal portion of the air foil or shell 
of a Segment located at the rear Side. In the invention at least 
the top air foil of the flap is arranged in this way. 
As appears from FIGS. 3 and 4 both the cantilever 1 and 

the Second link arm 3 are duplicated So that the arms acting 
in parallel in the articulating mechanism of the cantilever 1 
and the Second link arm 2 provide a Stability to the con 
Struction. 
The displacement of the guide rail 5 is accomplished by 

means of a pushrod 10 which is movable in a direction 
transversal to the articulating mechanism and which coop 
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erates with pulley means 11-13 and wire means, which 
transfer movement of the push rod 10 to the guide rail 5. 

In FIG. 7 the articulating mechanism is illustrated in a 
view from the bottom side thereof. There clearly, on the 
cantilever 1, the points of rotatable attachments 24, 25, 26 
for the shafts are visible, to which the sliding rods 6a–9a are 
attached, the attachments having the shape of eyes for 
receiving Said shafts. 
What is claimed is: 
1. A Segmented flap having a variable curvature for an 

airplane wing, the flap comprising segments (6-9) arranged 
to be angularly adjustable in relation to each other and in 
relation to the wing and at least an articulating mechanism 
having a first link arm (1) and a second link arm (3), 
characterized in that 

the first link arm (1) for arrangement at an edge of the 
Wing, 

the second link arm (3) is rotatably attached to the first 
link arm (1) by means of a first shaft (14), 

the first link arm (1) is provided with an elongated first 
channel (2) which extends at the side of and in a 
determined angle intersects an elongated Second chan 
nel (4), arranged in the Second link arm (3), 

a guide rail (5) is arranged in a direction transversal to the 
two channels (2, 4) and located in an opening defined 
by the channels (2, 4) where they intersect each other, 
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a plurality of rods (6a, 7a, 8a, 9a) connect the angular legs 

that define an angle formed by the two link arms (1,3) 
and which are rotatably attached to each other and to 
the link arms and which have variable lengths, So that 
the rods together with each other form a polygon curve, 
Such that a displacement of the guide rail (5) in the 
channels (2, 4) of the link arms (1,3) determines the 
curvature of Said polygon curve, whereby the curvature 
of the flap is determined as each rod (6a–9a) being part 
of the curve is associated with a top air foil and a 
bottom air foil respectively forming the Surfaces of Said 
flap Segments. 

2. A flap according to claim 1, characterized in that the 
bottom air foil of a segment (6-9) is integral with the rod 
(6a–9a) associated with the segment. 

3. A flap according to claim 1, characterized in that at least 
the top air foils of the Segments, when folding the flap 
upwards, at the connection of the Segment to an adjacent 
Segment, the front edge of the air foil of a Segment located 
at the rear Side is displaced inwards, below the rear edge of 
the air foil of a Segment located in front, whereby an 
unbroken surface of the flap is obtained. 

4. A flap according to claim 1, characterized in that the 
curvature of the flap is operated by a push rod (10) through 
pulley means (11-13) and wire means, which transfer a 
displacement of the push rod (10) to the guide rail (5). 
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